Abstract -Location-aided routing (LAR) is a mechanism which attempts to reduce the control message overhead of Ad-hoc ondemand distance vector (AODV) routing protocol by flooding only the portion of the network that is likely to contain the route to destination. LAR takes advantage of Global Positioning System (GPS) coordinates to identify a possible location of the destination node. Based on this information, LAR defines a portion of the network which will be subject to the limited flooding, thus reducing the total number of the control packet traveling through the network during the route discovery process. GeoAODV is a variation of the AODV protocol which like LAR also employs GPS coordinates to limit the search area used during the route discovery process. However, unlike LAR, GeoAODV does not make the assumption that every node in the network knows the traveling speed and location of the corresponding destination node. Instead, GeoAODV tries to dynamically learn and distribute location information among the nodes in the network. This paper examines and compares through simulation the performance of AODV, LAR, and GeoAODV protocols under different environmental settings.
I. INTRODUCTION
Ad-hoc on-demand distance vector (AODV) is a reactive routing protocol for mobile ad-hoc networks (MANETs) [1, 2] . AODV, as the name implies, is a distance-vector routing protocol that uses the hop count, or the number of nodes in a route, to discover the best routes between the nodes in the network. AODV attempts to discover a route to destination only when it is needed, i.e., a source node has data to be delivered to destination but a route to destination is unknown. A source node initiates the route discovery process by broadcasting a route request (RREQ) packet to all of its neighbors. The nodes that receive RREQ packets re-broadcast them in the network until the destination or a node that knows the path to destination is found. Once an RREQ message arrives at the destination or at a node that knows a path to the destination, a route reply (RREP) message is generated and unicast back to the source node. Arrival of RREP message at the source indicates a completion of route discovery process, at which point the data packets are forwarded to the destination using unicast transmission.
The AODV route discovery process also employs such mechanisms as sequence numbers and hop count to prevent a node from forwarding the same RREQ twice and to limit how far the request messages will travel in the searched MANET domain [3] . This route discovery technique is referred to as flooding and it is often employed because of its simplicity.
Location Aided Routing (LAR) is one of the most popular mechanisms for reducing control message overhead in AODV [7, 8] . LAR assumes that the nodes in the network know their own location and can obtain the last known position of the destination node. Based on this information, LAR limits the route search area to the portion of the network where the route to destination node is likely to be located. LAR modifies the route discovery process so that only the nodes which belong to the search area would rebroadcast RREQ messages. Specifically, when an RREQ packet arrives at an intermediate node, the node first determines whether it belongs to the search area defined by the incoming RREQ message. If the node is part of that search area then the RREQ packet is rebroadcasted, otherwise the packet is discarded.
Geographical AODV (GeoAODV) is another variation of AODV protocol which like LAR limits the search area to the portion of the network which is likely to contain the route to destination [9, 10] . However, unlike LAR, GeoAODV does not assume that the destination coordinates are available to a node which initiates the route discovery process. GeaAODV relies on a distributed process to share location coordinates among the nodes in the network. In addition, GeoAODV defines the search area differently than LAR and it can dynamically adjust the search area as the RREQ messages traverse the network.
In this paper, we discuss the results of a new comprehensive simulation study, conducted using OPNET Modeler version 16.0 software package [11] , in which we compare the performance of AODV and four location-aided routing protocols (i.e., two variations of LAR and two variations of GeoAODV). In section two we provide an overview of AODV, LAR, and GeoAODV protocols. Section three describes the simulation set-up, followed by section four which presents and analyzes the results of our simulation study. We conclude in section five.
II. OVERVIEW OF COMPARED PROTOCOLS

a. Location Aided Routing
Over the last few years, there have been numerous variations of LAR protocol examined in the literature [12] [13] [14] [15] [16] [17] . However, in our study we compare the performance of the original LAR scheme 1 and LAR scheme 2 studied in [7, 8] .
LAR scheme 1, which we will call LAR zone, operates as follows. LAR assumes that each node in the network knows the destination's physical location at time t 0 as well as its average traveling speed v. Based on this information, the source node computes the destination's expected zone at time t 1 as a circle centered in the destination's last know position and radius r which is computed as follows:
The expected zone is the area where the destination node is expected to be located at time t 1 . LAR zone defines the destination's request zone as an area which is likely to contain the path to destination. The request zone is defined as a rectangular area with the following properties: (1) the request zone completely encompasses the expected area, (2) the sides of the rectangle are parallel to the x and y coordinates, and (3) the sides of the rectangle are tangent to the expected zone circle. Figure 1(a) illustrates the definition of expected and request zones for the LAR zone protocol. During the route discovery process only the nodes within the destination's request zone participate in finding the path to destination by re-broadcasting RREQ messages. LAR scheme 2, which we will call LAR distance, relies on the distance between the intermediate node and the destination to determine if an RREQ message will be rebroadcast or not. During the route discovery process in LAR distance protocol, the intermediate node rebroadcasts the RREQ message only if the distance from the destination to this intermediate node, Dist i , is shorter than the distance from the destination to the node which generated this RREQ (i.e., the previous hop), Dist p . Specifically, the intermediate node rebroadcasts the RREQ only if the equation 2 holds true (! and " are configuration parameters):
b. GeoAODV GeoAODV [9, 10] is a variation of LAR which uses a cone shaped request area. Initially, GeoAODV assumes that each node only knows its own position and does not possess any knowledge about the destination's traveling speed or coordinates. The request zone in GeoAODV is defined by a flooding angle, which is evenly divided by a line that would connect the source and the destination. As shown in Figure 2(a) , " is a flooding angle which defines the cone-shaped request zone. When an intermediate node N receives a route request message, it computes the angle % formed between nodes N, S, and D. If SD is the vector from source to destination and SN is the vector from the source to the node, then the node's angle, %, is computed as follows:
If % is less than half of the flooding angle " then node N is considered to be located within the request zone and will rebroadcast an RREQ message. Otherwise the message is discarded. In this paper, we will refer to this GeoAODV protocol as GeoAODV static. GeoAODV rotate is a variation of GeoAODV static protocol. Instead of always using the same request zone throughout each round of the route discovery process, the cone-shaped area is dynamically adjusted at each intermediate node to better reflect possible location of the path to destination. Specifically, instead of always computing the request zone as a cone-shaped area formed with the source node at the cone's apex, each intermediate node computes the request zone as a cone-shaped area formed by having itself at the cone's apex as shown in. 
III. SIMULATION SET-UP
To compare the performance of the AODV, LAR, and GeoAODV protocols, we developed a simulation study using OPNET Modeler version 16.0 [12] . We implemented the LAR and GeoAODV protocols by modifying the standard AODV process model in OPNET [9] . LAR distance was configured to have ! = 1 and " = 0, while GeoAODV protocols had the flooding angle initially set to 90 degrees. The value of the flooding angle was increased to 180, 270, and 360 degrees after each unsuccessful route discovery attempt. The simulation study consisted of several scenarios each executed for 500 seconds. In each scenario we randomly placed 50 mobile nodes in the 1500 x 1500 meter area. Table I provides a summary of individual node configuration. The configuration parameters marked with an asterisk (*) had their value computed using a probability distribution function with the function name and input parameter values specified in the value column. Table  II provides a summary of the simulation scenarios examined in this study. Each simulation scenario was executed five times and the results were averaged over the number of runs.
IV. RESULTS
Due to space limitations, we only include summary of the main simulation results. Figure 3 illustrates the adjusted control traffic overhead vs. the number of communicating nodes for scenarios when the node traveling speed was selected randomly. We computed the adjusted control traffic overhead as the total number of RREQ and RREP packet divided by the number communicating nodes. As expected, collected simulation results reported that LAR zone and both variations of the GeoAODV protocol consistently generate fewer control packets than the regular AODV protocol. Overall, LAR zone consistently generated fewer RREQ and RREP messages than any other protocol. However, despite relying on the distributed protocol to obtain destination coordinates, GeoAODV rotate was a close second. GeoAODV rotate performed only slightly worse than LAR zone for majority of the simulation scenarios while consistently outperforming LAR distance and GeoAODV static protocols.
V. CONCLUSIONS
In this paper we presented the results of a comparison study of AODV, LAR, and GeoAODV protocols. As expected, simulation results suggest that location-aided routing protocols generate significantly fewer control RREQ and RREP messages than regular AODV protocol. Even though LAR zone consistently outperformed all the other protocols examined in this study, performance of GeoAODV rotate protocol was comparable. We believe that GeoAODV rotate deserves a closer examination because it employs a distributed protocol to find destination coordinates and it gradually reverts to regular AODV whereas LAR protocols assumes that destination node coordinates and traveling speed are known and it reverts to AODV after a single failure.
